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CORONAVIRUS - CLINICAL MANIFESTATIONS BY ORGAN SYSTEMS AND PROGNOSIS 
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Introduction

Coronaviruses were first isolated in 1962, and 
have been shown to cause disease in mammals and 
birds [1]. Under the electron microscope, they have 

the shape of a crown due to the presence of glycopro-
teins on the viral surface. They are positive-strand 
ribonucleic acid chains which belong to the family of 
Coronaviridae, subfamily Orthocoronavirinae. There 
are 7 types of coronaviruses that infect humans [2].

Summary
Introduction. Coronaviruses were first isolated in 1962, and they 
belong to the family Coronaviridae, subfamily Orthocoronaviri-
nae. Coronavirus disease 2019 is a complex multisystem disease 
that affects all organ systems. Respiratory Manifestations. Coro-
navirus disease 2019 pneumonia may present with fever, weak-
ness, malaise, tachypnea and dyspnea. Acute respiratory distress 
syndrome is the most severe form of lung damage, manifested by 
pronounced respiratory insufficiency that requires oxygen thera-
py. Cardiovascular Disorders. The most common clinical pres-
entations of coronavirus disease 2019 infection are: acute coronary 
syndrome - myocardial infarction, arrhythmias, myocarditis, my-
opericarditis, pericardial effusion, and thromboembolic complica-
tions. Neurological Disorders. The most common neurological 
symptom is headache, which is caused by activation of the trigem-
inal nerve endings due to the coronavirus infection. The severe 
forms of the disease are associated with ageusia, anosmia, and 
disorders of consciousness, concentration problems, and enceph-
alopathy. Renal Disorders. The coronavirus infection affects all 
kidney structures with preferential tropism for glomerular cells. 
There are two types of kidney damage; mild and severe form 
requiring hemodialysis. Skin Changes. Skin changes appear due 
to coagulation disorders and inflammation of the walls of small 
blood vessels. Ophthalmic Manifestations. The most important 
ophthalmic manifestation is follicular conjunctivitis, which may 
appear in the early and late stages of the disease. Conclusion. The 
prognosis of coronavirus disease 2019 depends on the involvement 
of organ systems, the age of the patient, associated comorbidities, 
and the time of treatment initiation.
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Sažetak
Uvod. Koronavirusi su prvi put izolovani 1962. godine, pripadaju 
porodici Coronavirinae potfamiliji Orthocoronavirinae. Korona-
virus je kompleksna multisistemska bolest koja ostavlja posledice 
na sve organske sisteme. Respiratorne menifestacije. U sklopu 
COVID pneumonije prisutni su: povišena temperatura, slabost, 
malaksalost, anosmija, ageuzija, tahipnea i dispnea. Akutni respi-
ratorni distres sindrom predstavlja najteži oblik oštećenja pluća, 
manifestuje se izraženom respiratornom insuficijencijom koja 
zahteva visoku potporu kiseonikom. Kardiovaskularni 
poremećaji. Najčešće kliničke prezentacije koronavirusne infek-
cije su: akutni koronarni sindrom − infarkt miokarda, aritmije, 
miokarditis, mioperikarditis, perikardna efuzija i tromboemboli-
jske komplikacije. Neurološki poremećaji. Najčešći neurološki 
simptom je glavobolja koja nastaje aktivacijom završetaka trigem-
inalnog nerva usled infekcije koronavirusom. Kod težih formi 
bolesti prisutni su: ageuzije, anosmija, poremećaj svesti, koncen-
tracija i encefalopatija. Bubrežni poremećaji. Uticaj koronavi-
rusne infekcije registrovan je u svim bubrežnim strukturama sa 
predominantnim tropizmom prema glomerulskim ćelijama. Pos-
toje dva tipa bubrežnog oštećenja − blaga i teška forma koja zaht-
eva hemodijalizu. Promene na koži. Kožne promene se pojav-
ljuju zbog poremećaja koagulacije i inflamacije zida malih krvnih 
sudova. Oftalmološke manifestacije. Najznačajnija oftalmološka 
manifestacija je folikularni konjuktivitis koji se može pojaviti u 
ranoj i kasnoj fazi bolesti. Zaključak. Prognoza bolesti zavisi od 
reperkusija na organske sisteme koronavirusne infekcije, starosti 
bolesnika, pridruženih komorbiditeta i momenta započinjanja 
lečenja. 
Ključne reči: COVID-19; infekcije korona virusom;  dijag-
noza; znaci i simptomi; prognoza; faktori rizika; akutni respi-
ratorni sindrom; kardiovaskularna oboljenja
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In December 2019, in the province of Wuhan in the 
city of Hubei, China, cases of pneumonia of unknown 
etiology appeared, and on January 7, it was confirmed 
that severe acute respiratory syndrome coronavirus 2 
(SARS-CoV2) was the cause of the disease [3]. It is a 
new strain of the virus that has been identified for the 
first time in the human population. In genetic structure, 
it is similar to SARS-CoV [4].

Coronavirus disease 2019 (COVID-19) is a global 
health problem. It is a complex multisystem disease. 
The SARS-CoV-2 attacks host cells by binding to its 
spike glycoprotein (S) metallopeptidase called angi-
otensin-converting enzyme (ACE-2). The ACE-2 is 
present in various tissues of the body, namely in the oral 
and nasal mucosa, nasopharynx, lungs, kidneys, brain, 
heart, liver, spleen, stomach, small intestine, colon, 
lymph nodes, thymus, and bone marrow [5]. These re-
ceptors are present in alveolar epithelial cells of the 
lungs, as well as endothelial muscle cells of arteries and 
veins. The immune response of the infected host is in-
tense, leading to the hyperinflammatory syndrome 
“cytokine storm”, which is characterized by an increase 
in proinflammatory cytokines such as tumor necrosis 
factor alpha, interleukin-6 and chemokine [5, 6]. The 
infection manifests itself in various forms: from mild 
asymptomatic to severe life threatening, accompanied 
by respiratory failure, sepsis and multiorgan dysfunc-
tion. Risk factors for the development of a severe form 
of the disease are: age, associated cardiovascular, pul-
monary, neurological, renal comorbidities, malignancies 
and various immunodeficiency states. This disease af-
fects all organ systems.

Respiratory Manifestations 

The most common symptoms of this disease in-
clude fever, weakness, malaise, anosmia, ageusia, 
cough, tachypnea and dyspnea [7]. These symptoms 
are present in coronavirus pneumonia. It is a viral 
interstitial pneumonia that can be further complicated 
as a bacterial superinfection.

Acute respiratory distress syndrome (ARDS) is the 
most severe form of lung damage caused by SARS-
CoV-2 infection, manifested by severe respiratory 
failure requiring oxygen therapy [8]. It is an acute, 
diffuse, inflammatory damage to the lungs that leads 
to increased vascular permeability, increased lung 
weight and loss of the ventilatory part of the lung pa-
renchyma (Figure 1). The clinical picture includes 
hypoxemia, radiographic bilateral pulmonary patchy 
shadows, mixing of arterial and venous blood (shunt-

ing), increase in dead space, and decrease in pulmo-
nary compliance. It is characterized by diffuse alveo-
lar damage that occurs due to damage to the endothe-
lium of alveolar capillaries and due to damage to the 
alveolar epithelium [8, 9].

The COVID-19-related ARDS is divided into three 
categories:

1.	 Mild ARDS 200 mmHg < (ratio of partial pres-
sure of oxygen in arterial blood - PaO2 to the fraction 
of inspired oxygen concentration - FiO2) PaO2/FiO2 < 
300 mmHg (for positive end-expiratory pressure - 
PEEP > 5 cmH2O);

2.	Moderate ARDS 100 mmHg < PaO2/FiO2 < 200 
mHg (for PEEP > 5 cm H2O);

3.	Severe ARDS PaO2/FiO2 < 100 mmHg (for 
PEEP > 5 cmH2O).

Neutrophils and platelets that accumulate in the 
pulmonary capillaries play a major role in endothelial 
damage. Reduced pulmonary blood flow allows these 
cells to adhere to endothelial cells and start acting on 
each other [9]. Various particles are released from dam-
aged endothelial cells, and the blood coagulation sys-
tem, quinine and other inflammatory factors are acti-
vated. Complement activation attracts other inflamma-
tory cells, so the process of alveolar-capillary mem-
brane damage continues in autocatalytic manner and 
can hardly be interrupted [10, 11].

Damage to alveolar cells occurs due to inflamma-
tory mediators, which leads to increased permeability 
of the alveolar-capillary membrane; transudation of 
plasma into alveoli causes non-cardiogenic pulmonary 
edema [11]. Fibrin polymerization occurs on the surface 
of alveoli and turns into microscopically visible depos-
its, the so-called hyaline membranes. The COVID-19 
damages type I and type II pneumocytes. Damage to 
type I pneumocytes causes a decrease in respiratory 
area-hypoxia, while damage to type II pneumocytes 
reduces the production of surfactant with consequent 
atelectasis. These changes reduce respiratory lung ca-
pacity. Diffuse alveolar damage is divided into three 
phases: exudative, proliferative, and fibrous phase [11]. 

Abbreviations
SARS-CoV-2	 – severe acute respiratory syndrome coronavirus 2
COVID-19	 – coronavirus disease 2019
ARDS	 – acute respiratory distress syndrome
ACE-2	 – angiotensin-converting enzyme
PaO2	 – partial pressure of oxygen in arterial blood
FiO2	 – fraction of inspired oxygen concentration
PEEP	 – positive end-expiratory pressure
TLM	 – Time/Lymphocyte Percentage Model
LYM	 – Lymphocyte%

Figure 1. Acute respiratory distress syndrome - chest 
X-ray
Slika 1. Akutni respiratorni distress sindrom – r�����adio-
grafski prikaz



Med Pregl 2023; LXXVI (3-4): 117-121. Novi Sad: mart-april. 119

The exudative phase lasts several days and is character-
ized by airless lungs, with interstitial and alveolar ede-
ma, after which formation of hyaline membranes that 
line the surface of the alveolar septa occurs. The exuda-
tive phase is accompanied by a high mortality rate.

The proliferative phase lasts from one to three 
weeks and granulocyte tissue is present in the lung 
parenchyma. The fibrous phase is present between the 
third and fourth week. Lung tissue is diffusely fibrous.

Clinically, ARDS is manifested by dyspnea and 
refractory hypoxemia; the mortality rate is high, be-
tween 30 - 40%. Patients with associated comorbidities 
have a worse prognosis [12].

Cardiovascular Disorders 

During COVID-19 infection, direct and indirect 
cardiovascular disorders are possible. Direct infection 
of cardiomyocytes, pericytes and fibroblasts induces 
myocardial damage with cardiotoxic effects. Due to 
hypoxia, microvascular damage of coronary blood ves-
sels, endothelial cell infection and diffuse inflamma-
tion occur. The most common clinical presentations of 
COVID-19 infection are: acute coronary syndrome 
(myocardial infarction), arrhythmias (supraventricular 
arrhythmias, ventricular tachycardia and fibrillation, 
impulse conduction disorders), heart failure accompa-
nied by systolic dysfunction, myocarditis, myopericar-
ditis, pericardial effusion, and thromboembolic com-
plications [12, 13].  Cardiovascular consequences occur 
most often in the advanced phase of the disease, in 
patients with a greater need for oxygen support and the 
progression of radiological findings. Early recognition 
is important in order to positively influence the out-
come of the disease [13].

Coronavirus affects hypercoagulability with a prev-
alence of 25 - 43%. Elevated levels of fibrinogen and 
D-dimer are laboratory indicators of coagulation disor-
ders, with discretely prolonged prothrombin time and 
partial thromboplastin time, while platelet count is 
slightly elevated or decreased [13]. These coagulation 
disorders occur in the complex interaction of vascular 
endothelial damage directly caused by infection or in-
directly by inflammatory mediators. Hypercoagulabil-
ity is responsible for the expression of tissue factor under 
the influence of activated mononuclear cells and inter-
leukin-6 as well as direct viral infection of endothelial 
cells with the release of plasminogen activators and von 
Willebrand factor multimers [14]. A study conducted in 
Amsterdam proved that the usual prophylaxis of deep 
vein thrombosis did not affect the formation of micro 
thrombi during the COVID-19 infection [14, 15].

Neurological Disorders

Coronaviruses may have a neuroinvasive potential 
that, in addition to anosmia caused by olfactory bulb 
damage, ageusia, feelings of instability and disorders in 
concentration, can cause impaired consciousness (epi-
leptic attack and delirium) in severe forms of the disease. 
Encephalopathy, which is present in the severely ill, is a 
consequence of the action of cytokines [16, 17].

The most common symptom is headache caused by 
activation of trigeminal nerve endings due to direct in-
fection with coronavirus or indirectly through circulating 
proinflammatory cytokines, due to hypoxia and vascu-
lopathy. The headache is usually bilateral, localized fron-
tally, temporo-parieto-occipital or periorbital, pulsating 
in character, with poor response to analgesics [17].

Renal Dysfunction 

The COVID-19 infection affects all kidney struc-
tures with preferential tropism for glomerular cells. 
Mild to severe renal impairment requires hemodialysis 
[17]. Renal damage with respiratory deterioration ac-
companied by radiological progression and increased 
need for oxygen support is a predictor of lethal outcome. 
In a Spanish study of 36 patients with renal insuffi-
ciency requiring hemodialysis, 30.5% were fatal [18].

Skin Changes 

The most common skin changes appear in the distal 
parts of the toes in the form of erythematous or livid 
macules, plaques and nodules. They occur due to co-
agulation disorders and inflammation of the small blood 
vessel walls. These changes are not indicators of the 
severity of the disease, they most often occur in mild 
forms [17]. There are also changes in the form of vesicles 
and pustules on an erythematous base. Vesicles appear 
in the early phase of the disease before the onset of 
symptoms or around the third day and they are usually 
localized on the trunk. Painful erosions and ulcerations, 
erythematous changes and aphthous ulcers appear on 
the mucosa, with the possible appearance of extensive 
changes in the form of gingivitis [18] (Figure 2).

Ophthalmic Manifestations 

The most important ophthalmic manifestation in 
COVID-19 infection is follicular conjunctivitis, which 
may occur in the early and late stages of the disease. 
In most cases, it is bilateral, accompanied by redness, 
conjunctival hyperemia, chemosis, epiphora and in-

Figure 2. Skin changes in COVID-19 infection
Slika 2. Promene na koži u COVID-19 – infekciji
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crease in tear secretion. In some patients, there are 
changes in the retinal ganglion cells which cause per-
manent visual impairment [19] (Figure 3).

Prognosis
In severe forms of the disease, the prognosis is 

poor, accompanied by a high mortality rate up to 
60% [20].

Unfavorable prognosis indicators:
- Age ≥ 65, men.
- Associated diseases: heart disease (including 

arterial hypertension), lung disease, diabetes, malig-
nant disease, immunosuppression.

- Laboratory findings: severe lymphopenia, ele-
vated troponin, urea, creatinine, lactate dehydroge-
nase, C-reactive protein, and D-dimer.

In Italy, the Time/Lymphocyte Percentage Model 
(TLM) is also used, i.e. lymphopenia is an effective 
and valuable indicator for determining the severity of 
the disease in hospitalized patients with COVID-19. 
The TLM is based on the fact that patients have differ-
ent percentages of lymphocytes after the onset of 
COVID-19 infection [20].

The TLM-1 (Time Lymphocyte% (LYM) Model), 
10 to 12 days after the onset of symptoms, patients 
with LYM > 20% are initially classified as ‘moder-
ately severe’ and are cured relatively quickly. Patients 

with LYM < 20% should initially be classified as ‘se-
vere cases’ [21].

The TLM-2 (Time Lymphocyte% Model), ap-
proximately 17 - 19 days after the onset of symptoms, 
patients with LYM > 20% are recovering, 5% < LYM 
< 20% are still at risk and need attention, LYM < 5% 
are critical cases, with a high mortality rate and the 
need for treatment in intensive care units [22].

Lethal outcomes caused by COVID-19 infection
- 53% respiratory failure
- 33% concomitant respiratory and heart failur
- 7% heart failure.
The recovery depends on the age, comorbidities and 

the severity of the clinical picture. Recovery from a mild 
infection takes up to two weeks, while more severe forms 
of the disease take three to six weeks. Symptoms such 
as fatigue, coughing, and difficulty returning to daily 
activities may persist for a long period of time after ill-
ness. Recovery of lung and respiratory function in pa-
tients with a mild form of the disease occurs within six 
months of the onset of the first symptoms. In patients 
with a more severe form of the disease who require hos-
pitalization but not admission to intensive care unit, re-
covery is established within 12 months [23]. In patients 
with the most severe form of the disease, who require 
mechanical ventilation during hospitalization, pulmo-
nary manifestations persist in the form of restrictive lung 
disease, decreased pulmonary diffusion capacity and 
fibrosis, which directly affects the quality of life [24].

Conclusion

The prognosis of coronavirus disease 2019 depends 
on the involvement of organ systems, the patient’s age, 
associated comorbidities, and the time of initiation of 
therapy. It is very important to know the clinical man-
ifestations of this disease well, because timely recogni-
tion and treatment reduce the possibility of complica-
tions and more severe forms of the disease. The recov-
ery is individual, depending on the age, comorbidities 
and severity of the clinical picture.
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Slika 3. Konjuktivitis u COVID infekciji



Med Pregl 2023; LXXVI (3-4): 117-121. Novi Sad: mart-april. 121

Rad je primljen 9. XI 2022.
Recenziran 27. II 2023.
Prihvaćen za štampu 27. II 2023.
BIBLID.0025-8105:(2023):LXXVI:3-4:117-121. 

death in patients with coronavirus disease 2019 pneumonia in 
Wuhan, China. JAMA Intern Med. 2020;180(7):934-43.

11. Mo X, Jian W, Su Z, Chen M, Peng H, Peng P, et al. 
Abnormal pulmonary function in COVID-19 patients at time 
of hospital discharge. Eur Respir J. 2020;55(6):2001217.

12. Morris SB, Schwartz NG, Patel P, Abbo L, Beauchamps 
L, Balan S, et al. Case series of multisystem inflammatory syn-
drome in adults associated with SARS-CoV-2 infection – Unit-
ed Kingdom and United States, March–August 2020. MMWR 
Morb Mortal Wkly Rep. 2020;69(40):1450-6.

13. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt 
C, Hoffmann J, et al. Outcomes of cardiovascular magnetic reso-
nance imaging in patients recently recovered from coronavirus 
disease 2019 (COVID-19). JAMA Cardiol. 2020;5(11):1265-73.

14. Zhang Y, Xiao M, Zhang S, Xia P, Cao W, Jiang W, et 
al. Coagulopathy and antiphospholipid antibodies in patients 
with Covid-19. N Engl J Med. 2020;382(17):e38.

15. Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, 
Gommers DAMPJ, Kant KM, et al. Incidence of thrombotic com-
plications in critically ill ICU patients with COVID-19. Thromb 
Res. 2020;191:145-7.

16. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, et al. Neu-
rologic manifestations of hospitalized patients with coronavirus 
disease 2019 in Wuhan, China. JAMA Neurol. 2020;77(6):683-90.

17. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, 
Manson JJ, et al. COVID-19: consider cytokine storm syndromes 
and immunosuppression. Lancet. 2020;395(10229):1033-4.

18. Galván Casas C, Català A, Carretero Hernández G, Ro-
dríguez-Jiménez P, Fernández-Nieto D, Rodríguez-Villa Lario A, 
et al. Classification of the cutaneous manifestations of COVID-19: 
a rapid prospective nationwide consensus study in Spain with 375 
cases. Br J Dermatol. 2020;183(1):71-7.

19. Colavita F, Lapa D, Carletti F, Lalle E, Bordi L, Marsella P, 
et al. SARS-CoV-2 isolation from ocular secretions of a patient with 
COVID-19 in Italy with prolonged viral RNA detection. Ann Intern 
Med. 2020;173(3):242-3.

20. Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical 
predictors of mortality due to COVID-19 based on an analysis 
of data of 150 patients from Wuhan, China. Intensive Care Med. 
2020;46(5):846-8.

21. Wynants L, Van Calster B, Collins GS, Riley RD, Heinze 
G, Schuit E, et al. Prediction models for diagnosis and prognosis of 
covid-19 infection: systematic review and critical appraisal. BMJ. 
2020;369:m1328.

22. Raghu G, Wilson KC. COVID-19 interstitial pneumo-
nia: monitoring the clinical course in survivors. Lancet Respir 
Med. 2020;8(9):839-42.

23. Bolay H, Gul A, Baykan B. COVID-19 is a real head-
ache. Headache. 2020;60(7):1415-21.

24. Stokes EK, Zambrano LD, Anderson KN, Marder EP, 
Raz KM, El Burai Felix S, et al. Corona virus disease 2019 case 
surveillance - United States, January 22-May 30, 2020. MMWR 
Morb Mortal Wkly Rep. 2020;69(24):759-65.


